To determine the relationship between the serum urate (SU) level, neutrophil / lymphocyte ratio (NLR), and pain severity using preoperative and postoperative visual analogue scale (VAS) scores in patients with lumbar disc herniation (LDH).
█ INTRODUCTION
L umbar disc herniation (LDH) is the leading cause of lower back and leg pain. LDH may clinically manifest as dull or sharp pain in the lower back or lower extremities, muscle spasms, sciatica, paresthesia, and muscle weakness in the lower extremities (10) . Uric acid (UA) is the final waste product of purine metabolism. Under normal conditions, UA cannot be diagnosed (15) . Decreased SU levels have been associated with multiple sclerosis (MS), Parkinson's disease, Alzheimer's disease, and optic neuritis. Although beneficial to organisms under normal levels, SU becomes destructive at levels higher than normal (12) .
Neutrophil / lymphocyte ratio (NLR) is one of the several inflammatory parameters used as prognostic markers to determine the systemic inflammatory response. NLR is an inexpensive and easily obtainable inflammatory marker and is calculated using the neutrophil and lymphocyte levels obtained from the complete blood count (1). Increased NLR has been investigated in several diseases, such as fibromyalgia, autoimmune diseases, various malignancies, infections, metabolic syndrome, cardiovascular diseases, hypertension, chronic obstructive pulmonary disease, preeclampsia, eclampsia, major depression, and mood disorders.
Several studies in the literature have investigated the effects of SU levels and NLRs on cardiovascular, renal, and neurological diseases as well as on cancer. Through this study, we aimed to reveal the significance of SU levels and NLRs in LDH, which is the most commonly treated disease in the field of neurosurgery.
█ MATERIAL and METHODS

Study Population
This cross-sectional study was conducted on 20 consecutive patients who underwent surgery for LDH at a single center. The study was approved by the Human Research Ethics Committee of our university. Written informed consent was obtained from all participants prior to study initiation.
Patients with magnetic resonance imaging (MRI) and magnetic resonance myelography findings, pain and painful symptoms ongoing for 12 months, preoperative radiological diagnosis of L4-L5 disc herniation with pain or numbness in lumbar dermatomal distribution, motor or sensory neurological signs (hypesthesia, hyperesthesia, allodynia, or dysesthesia) in the affected dermatomes, sufficient cognitive ability to participate in the study, and neurogenic intermittent claudication were included in the study. Patients with rheumatoid arthritis, known peripheral neuropathies, spondylolisthesis, renal insufficiency, monologue narrative of LSS surgeon, cancer, acute and/or chronic systemic diseases (cardiac diseases, peripheral vascular disease, and/or diabetes mellitus), chronic depression or antidepressant use, acute and/ or chronic inflammatory systemic and/or local diseases, and LDH at any other level except L4-L5 were excluded.
The age, sex, neutrophil and lymphocyte counts, serum UA levels, and lumbar MRI data were recorded for all participants. Blood samples were collected from the antecubital vein in the morning hours. Venous blood samples were collected into tubes with and without an anticoagulant. NLR was calculated using the neutrophil and lymphocyte levels obtained from the complete blood count. The patients' visual analogue scale (VAS) scores were recorded preoperatively and at 6 months postoperatively.
Statistical Analysis
Data were analyzed using IBM SPSS for Windows version 22.0 software (SPSS Inc.; Chicago, IL, USA). The Kolmogorov-Smirnov and Wilcoxon signed-rank tests were used for evaluating data that did not meet the parametric test assumptions. Correlation coefficients were calculated using Spearman analysis, and 0.05 was considered as the level of error. p<0.05 was considered statistically significant.
█ RESULTS
The study comprised 14 (70%) females and 6 (30%) males; the median patient age was 47.5 years (mean, 46.45 ± 13.50 years; range, 25-74 years). The body mass index values, socio economic levels, disc hernia levels, and disc hernia volumes on lumbar MRI were similar in all the patients without any other chronic or acute systemic or inflammatory diseases (Table I) . A statistically significant difference was found between the preoperative and postoperative VAS score measurements (p<0.05; Table II ). Surgical treatment was indeed beneficial, with evident psychological differences in the mobilization stage.
Statistically significant positive correlation coefficients (r) were determined between NLR and the preoperative VAS scores (r: 0.472) and between NLR and the postoperative VAS scores (r: 0.570) (p<0.05). When the NLR increased, the VAS score also increased (Table III) . The increased VAS scores were associated with the inflammatory effect of NLR accurately explained postoperative patient satisfaction and preoperative intolerable pain.
Negative correlation coefficients were found between the SU levels and preoperative VAS scores (r: −0.125), and positive correlation coefficients were found between the SU levels and postoperative VAS scores (r: 0.091). These values were small and not statistically significant (Table IV) .
█ DISCUSSION
Manipulation of the serum UA levels is promising in the treatment of several diseases. Based on the fact that both decreased and increased UA levels reportedly contribute to the development and progression of several diseases, any significant changes in the UA levels should be imminently addressed and normalized. Abnormally high UA levelsare associated with gout, hypertension, cardiovascular diseases, and renal diseases, where as low UA levels are associated with MS, Parkinson's disease, Alzheimer's disease, and optic neuritis. However, it is unclear whether low serum UA levels are the cause or result of these neuro degenerative diseases. Individuals with low serum UA levels may not be able to prevent free radical toxicity, inflammation development, and tissue destruction. Furthermore, it has been observed that excessive use of UA by the free radicals produced during inflammation occurring in MS may lead to even lower UA levels (6).
One of the most important areas where in the antioxidant effects of UA are beneficial is in the central nervous system, particularly in MS, Parkinson's disease, and acute stroke (2, 7, 11, 17) . Although chronic increased UA levels have been associated with an increased stroke risk, acute increases in UA levels can protect against some antioxidants. A previous experimental study reported that UA protects against oxidative stress in cultured rat hippocampal neuronal cells and that the application of UA 24 hours before middle cerebral artery obstruction reduced brain damage induced by acute ischemia (25) . The preventive properties of UA against the NLR is the ratio between cells mediating two different immune pathways. Neutrophils represent the first line of immune defense, exhibiting phagocytic and apoptotic actions via the secretion of various inflammatory mediators, particularly cytokines (13) . Inflammation triggered by cytokines can induce further inflammation owing to cell dysfunction and oxidative stress. In contrast, lymphocytes are specific inflammatory mediators; they have a regulatory or protective function, and a low lymphocyte count reflects poor general health and physiological stress (9) .
In concordance with the literature, our results indicate that the preoperative and postoperative pain were higher in patients with a high NLR, which is an indicator of inflammation. Moreover, it can be considered that relevant results could be obtained with multicentre studies involving more patients.
█ CONCLUSION
LDH is a widespread disease with an increasing incidence; it also has several associated etiological factors. Recent studies have shown that inflammation plays a role in the increase of pain severity. This study evaluated the preoperative UA level, NLR, and pre-and post-operative VAS scores of patients undergoing surgery for LDH. The main finding of this study was the significant relationship between NLR and the preoperative and postoperative VAS scores of the patients who were operated. This situation can be considered for a failed back surgery where in the preoperative NLRs of patients with LDH are controlled to provide an increased level of satisfaction after surgery. Another advantage of this study is that the markers evaluated are inexpensive and can be rapidly assessed using the results obtained from complete blood count tests. To the best of our knowledge, this is the first study in the literature that has examined the effect of SU levels and NLRs on satisfaction of and pain severity in patients undergoing surgery for LDH. However, future studies are required to further confirm and clarify the present results. harmful effects of peroxynitrite on spinal cord neurons were confirmed by adding UA at different concentrations to primary spinal cord neuron cultures and evaluating the effects on mitochondrial respiration and LDH oscillation. UA reportedly provides significant protection to the spinal cord neurons against the toxic effects of peroxynitrite in a dose-dependent manner; protection was provided even at UA doses as low as 100µM (16) . In addition to the effects on neurons, UA reportedly decreases neutrophil infiltration and hepatic injury during hemorrhagic shock (22) . However, despite these benefits of UA, higher rates of cardiovascular and all-cause mortality have been reported in patients with high levels of UA than in those with normal levels (20) . Although the pathogenesis of these diseases is extremely complex and unclear, all of them have been observed to have the paradoxical commonality of oxidative stress and oxidative modifications of proteins and lipids (5, 24) .
These findings suggest that UA can act as an antioxidant owing to its ability to prevent the acute activation of proinflammatory cells in the blood by oxidants (15) . A Norwegian study involving 1500 individuals aged 40-42 years reported that widespread "weather-dependent" pain was associated with increased SU levels, and a Swedish population-based study involving1609 individuals aged 25-74 years confirmed that the extent of pain was related to the level of SU (3). Therefore, the serum UA level can be considered as a marker of disease status. Moreover, recent studies have provided evidence that UA may play a substantial role in the development or progression of these disease types. Although some changes in UA levels could be due to the disease, the levels may play a significant role in the development and prevention of several diseases. Therefore, it has been clarified that UA, which was previously considered an inert organic component, could play significant roles in several biological functions (12) . UA can be beneficial both as an antioxidant and a free radical scavenger; however, it can become harmful at high levels. In conclusion, the manipulation of UA levels is currently included in the treatment of various diseases or is being investigated.
In the present study, when SU level was low, the preoperative and postoperative VAS scores were found to be high and low, respectively. According to previous studies, the abovementioned finding may be attributable to SU levels, with their antioxidant effect, being the parameter that resulted in increased pain in postoperative patients and reduced pain in preoperative patients; however, this finding was not statistically significant.
NLR is a prognostic marker used to determine systemic inflammatory responses (8, 19, 23) ; as such, NLR has been studied in systemic disorders with increased neutrophil and decreased lymphocyte counts during inflammation. Increased blood NLR is also reportedly associated with increased disease activity in many systemic, rheumatological, and neurological diseases as well as in cancers. Lymphocyte reduction, physiological stress, and acute inflammation are reflected by NLR (14, 18, 21) .
